I. INTRODUCTION
Recent advances in ultraviolet (uv) lasers, particularly the rare gas 1-8 halide lasers, indicate that the high-power and high-efficiency laser radiation in the uv spectrum region can readily be achieved. Electricdischarge-initiated lasers in XeF with wavelengths of 351, 353, and 349 nm and in KrF with wavelengths of 249 and 250 nm have produced the greatest power and efficiencies. 6. 9, 10 Pulse energies of more than 100 mJ with overall electric efficiencies of more than I% have been obtained in XeF and
KrF lasers.9-
The significance of these electric-discharge-initiated rare gas halide lasers is the possibility of producing high-average-power lasers by means * of higher pulse repetition frequency (PRF) than is possible with some form of electron-beam initiation. High-average-power uv lasers are important for such applications as laser isotope separation and nonlinear spectroscopy. Major requirements for a high PRF rare gas halide laser are a pulse generator capable of delivering fast current rise and a large peak current at a high PRF, and a fast-flow system to replace the gas after every discharge pulse. Note that, for relatively slow current rise and low peak current, thyratron switched circuits capable of more than a few tens of kilohertz PRF have been demonstrated. However, for the pumping of rare gas halide lasers, fast current rise, large peak currents
and low circuit inductance are necessary. So far, low inductance pulse generators with a grounded grid thyratron can be operated at only a few hundred to a thousand hertz PRF because of the difficulties of thyratron 16 turn-off and recovery.
Better control and higher PR1F can be obtained by the use of a triple-grid thyratron (e.g., English Electric Valve, Inc. Model CX1535). However, the inductance of this thyratron is rather high, and its current rise too slow.
A pulse charging technique, with a tetrode tube used to isolate the charging supply from the thyratron during each pulse and to control the charging time interval and duty cycle, provides sufficient thyratron interpulse recovery time. This technique has been used to achieve a few 17 kilohertz PRF.
However, the tetrode and the controls are floated at high voltage, and the average power capability of this pulse charging technique is low.
Reported here is a novel multiple-circuit pulse generator for pumping high PRF rare gas halide lasers. Basically, it consists of many thyratron switched discharge circuits fed to a common transmission line. Each circuit is complete with charging resistor, storage capacitor, and thyratron switch and is triggered, in turn, as with a Gatling gun. The major advantage of this pulse generator is the use of existing low PRF thyratrons and capacitors to achieve high PRF output pulses with fast current rise, large peak current, and low circuit inductance.
As with the rapid gas-flow system, closed-cycle, fast-transverseflow gas recirculation systems have been constructed for high PRF CO 2 lasers 1 8 ' 19 and rare gas lasers. 17 A simple blowdown-type burst-flow system was constructed16 to demonstrate the principle and to study the performance of the multiple-circuit pulse generator. This burst-flow system is simple and flexible.
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II. MULTIPLE-CIRCUIT PULSE GENERATOR DESIGN
High PRF laser action up to 500 Hz in XeF has been achieved by a
16
thyratron-switched, low-inductance pulse generator. Further increases of the PRF are limited by the short charging time, the lack of thyratron recovery and turn off. For high PRF operation, it was found that there may not be enough reverse voltage on the thyratron to turn off the conduction because the charging current is so high and the circuit inductance is so low.
Hence, the maximum PRF a single thyratron circuit can achieve is rather limited.
The use of two thyratrons in a LC -inversion circuit, which provides 20 alternating polarity and twice the PRF, has been demonstrated. A multiple-circuit pulse generator ( Fig. 1 ) was conceived to further increase the PRF. It consists of N independent discharge circuits fed to a common transmission line.
For each circuit, D is a high-voltage diode to hold the high voltage.
R and L are the charging resistor and inductor, respectively, and are c c used to limit the charging current and control the charging time. C is S the storage capacitor, and S is a thyratron switch. Each circuit is connected to a common transmission line to minimize the circuit inductance.
The equivalent line inductance and capacitance are LT and C respectively.
The other end of this transmission line is connected to the electrodes.
Since the electric-discharge pulse duration is much shorter than the time between pulses, each circuit, more or less, discharges independently. Each circuit is equivalent to a pulse discharging circuit, with a storage capacitor (C s) and peaking capacitor (CT). Because of the finite discharge breakdown time, the CT is charged up before the gas becomes fully conductive. Hence, high current rise and high peak current can be achieved. For optimum operation, L T is kept to a minimum, and CT is kept to less than Cs/2.
Furthermore, the PRF of this pulse generator is N times the PRF of each circuit. The advantages of this multiple-circuit design are (1) the long charging time and long pulse separation time for each circuit, which ensures uniform energy storage and sufficient thyratron recovery, and (2) the suitability of the low PRF thyratron and capacitors for use in achieving high PRF operation.
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III. EXPERIMENTAL SETUP AND RESULTS
A fast-transverse-flow system and high-repetition-rate, fast-electricdischarge circuits are needed in order to investigate high-repetition-rate operation of rare gas halide lasers. For simplicity and flexibility, a fastflow system operated in a blowdown (i.e., burst) mode was constructed.
Details of the flow system are described in Ref. 16 . Briefly, a highpressure gas supply tank, a low-pressure dump tank, and two nozzles were used to control the pressure and velocity in the laser cavity and to ensure steady-state operation for a period longer than 0. 1 sec (Fig. 2) .
The flow becomes supersonic within the first nozzle and then goes A similar circuit with a 7-nF storage capacitor and a 4-nF peaking capacitor was used for the preionization discharge. The pulse width (FWHM) was about 100 nsec. The time delay between preionization and main discharge was 700 nsec. Because of the low circuit inductance and fast
0
-11-current rise, laser action in N2 at 337 nm was observed. The maximum output energy was 2 mJ, about a factor of 7 lower than XeF laser output.
The pulse width was 10 nsec or half of that XeF laser output pulse.
The two circuits of the pulse generator can be triggered independently with any preset time separation from less than 100 nsec to more than a few msec without any premature triggering or cross-triggering. Typical charging voltage traces (Fig. 4) indicate the independent triggering of the two circuits separated by 1.5 ý±sec.
The large high-frequency oscillation on the traces is the result of noise pickup from the fast discharges.
The control system consisted of a gate generator with variable delay and width, a signal generator (HP Model 214A), delay generator (Cordin Model 437-D), two trigger generators (EG&E Model TM-27), and two thyratrons (EG&E Model 3202). The gate signal was triggered by the opening of the supply tank valve. This gate signal was used to control the high-repetition-rate pulses generated by the signal generator. The highrepetition-rate pulses were then fed to the delay generator, where two trigger pulses with variable delay were generated for each input pulse. A pulse distributor was used to send the trigger pulses in sequence from the delay generator to various trigger generators. These trigger generators, in turn, triggered the thyratrons in the preionization and main discharge circuits.
For a typical run condition, the gate signal was delayed by 100 msec with a gate width of 30 msec, the repetition rate was set at 1000 Hz, and the time delay between preionization and main discharge was set at 700 nsec.
-12- The reliability of a multiple-circuit pulse generator was demonstrated.
A PRF of I kHz has been demonstrated. A PRF of several kilohertz can be achieved by the addition of more circuits to the pulse generator.
Furthermore, it is possible to shape the discharge pulse by combining several independently triggered pulses to achieve long pulses with fast current rise and low circuit inductance.
-19-
